Objective: To determine the concentrations of the low molecular weight antioxidants urate, bilirubin, albumin and sulphydryl groups and to measure lipid peroxidation levels in pair-matched maternal and cord blood plasma. Design: Venous blood plasma concentrations of urate, bilirubin, albumin and sulphydryls were determined in healthy pregnant women and in pair matched umbilical cords. The ability of maternal and cord plasma to withstand Cu 2 -induced lipid peroxidation was assessed by measuring the production of thiobarbituric acid reactive substances (TBARS) over time in plasma incubated with Cu 2 . Subjects: Forty healthy women, between 10 and 20 weeks gestation, were recruited randomly from an antenatal clinic. Venous blood samples were obtained from the mothers at the recruitment stage and from the umbilical cords of their newborn after delivery. Results: Urate, bilirubin and sulphydryls were present in signi®cantly higher concentrations (P`0.001) in cord plasma than in maternal plasma. Albumin levels were similar in mothers and cords. Signi®cantly lower levels (P 0.018) of TBARS were produced in cord plasma compared with maternal plasma following incubation with Cu 2 . There were signi®cant correlations between albumin and sulphydryl concentrations in maternal plasma (r 0.43, P 0.007) and between urate concentrations in maternal and cord plasma (r 0.37, P 0.026). Conclusion: Urate, bilirubin and sulphydryls are present in signi®cantly higher concentrations in cord blood than in maternal blood. The increased levels of these antioxidants in cord plasma may contribute to the increased resistance of cord plasma to Cu 2 -induced lipid peroxidation.
Introduction
Human plasma is equipped with an array of antioxidants and is well protected against oxidant stress (Frei, 1995) . Plasma antioxidants include transition metal binding proteins, for example caeruloplasmin, and low molecular weight molecules, for example urate, ascorbic acid and atocopherol, which act as chain-breaking or peroxyl-scavenging antioxidants. It has been suggested that neonates, in particular preterm and small-for-dates babies, have an increased risk of oxidant stress due to their reduced ability to bind transition metal ions (Sullivan & Newton, 1988; Lindeman et al, 1992) and low circulating levels of lipophilic antioxidants, such as tocopherols and carotenoids (Finckh et al, 1995; Chen et al, 1996) . Although total plasma lipids are lower in neonates than in adults, there is a higher proportion of polyunsaturated fatty acids (PUFA) in cord plasma compared with adult plasma (Oostenbrug et al, 1998) . As PUFA are susceptible to oxidation, this may increase the risk of prooxidant activity in cord plasma. In addition, relatively higher levels of oxidation products such as malonaldialdehyde (MDA) have been found in cord plasma compared with adult plasma (Deligne et al, 1990) . These ®ndings reinforce the suggestion that, during neonatal life, the prooxidantaantioxidant balance tends to shift in favour of the former.
The objective of the present study was to investigate the antioxidant status of healthy, full-term neonates by measuring the concentrations of the endogenous plasma antioxidants, urate, bilirubin, sulphydryl groups and albumin in cord plasma and comparing them to the levels found in maternal plasma. The ability of plasma to withstand oxidant stress is also a useful indicator of antioxidant status; therefore the time course of lipid peroxidation in maternal and cord plasma was examined by measuring the production of thiobarbituric acid reactive substances (TBARS) in plasma.
Methods

Study sample
Forty women, aged 16 ± 40 y, and between 10 and 20 weeks gestation, gave informed written consent to participate in the study during their ®rst antenatal clinic appointment at a local hospital. A non-fasting venous blood sample was taken from each respondent. All the pregnancies proceeded normally. After delivery, umbilical cord blood samples were obtained from the separated placenta of the neonates. Only healthy infants born at term were included. The mean birth weight was 3439 g (s.d. 486). The blood samples were drawn into heparinised vacutainers and centrifuged (1000 g, 15 min). The plasma was stored at 7 70 C until analysed. The Ethics Committee of University College Hospital, Cork, approved the study protocol.
Analytical methods
Plasma concentrations of urate, total bilirubin and albumin were determined using commercially available kits (Boeringer Mannheim, Germany). The recommended accuracy and precision control sera were included with each assay series.
Plasma sulphydryl concentrations were determined by a modi®cation of the method of Ellman (1959) , as described by Wayner et al, (1987) .Phosphate buffer (900 ml of 0.2 M Na 2 HPO 4 , pH 9.0, containing 2 mM EDTA and 1% s.d.S), 100 ml of plasma and 20 ml of DTNB stock solution (10 mM in 0.05 M phosphate buffer pH 7.0) were added to a semimicrocuvette. Following 25 min incubation at room temperature, absorbance was read at 412 nm. After correction using an appropriate blank, the sulphydryl concentration was calculated using the Beer ± Lambert law (e=13600 M 71 cm
71
). The method used to assess the resistance of plasma to Cu 2 -induced lipid peroxidation was modi®ed from a TBARS assay, previously described by Sheehy et al, (1993) . Doubly-distilled deionised water (350 ml) was added to 1.75 ml of tris-maleate buffer (80 mM titrated to pH 7.4 with 1M malic acid) plus 700 ml of plasma. Finally, 700 ml of CuCl 2 .2H 2 O (12.5 mM solution, giving a ®nal concentration of 2.5 mM in the assay) was added and the samples were mixed thoroughly. A 500 ml aliquot was removed from each tube before they were placed in a shaking water bath at 37 C. This 500 ml aliquot was added to 1 ml of a TBA ± TCA ± HCl solution (15% trichloroacetic acid; 0.375% thiobarbituric acid in 0.25 N HCl) and boiled for 15 min. The tubes were cooled rapidly on ice and centrifuged at 1000 g for 10 min. The supernatant was removed and the absorbance was read at 532 nm. The samples were analysed in duplicate. After exactly 30, 60, 90, 120 and 150 min incubation the same procedure was repeated. For the assay to be precise, it was important that the timing of each incubation period was rigidly adhered to and that samples were processed rapidly. Plasma total protein concentrations were determined by the method of Lowry et al, (1951) . Results were expressed as nmol TBARSamg protein. A UVaVIS spectrophotometer (Varian, Cary, Australia) was used to measure absorbance.
Statistical analysis
Statistical analysis was carried out using Datadesk 1 4.2c (Data Description, Inc., Ithaca, NY). The data were normal. Differences between maternal and cord levels of plasma antioxidants in 40 matched pairs were tested for signi®-cance using Student's paired t test. Correlations were tested using Pearson's method. Differences between maternal and cord TBARS levels in 7 matched pairs were tested using Wilcoxon's signed rank test. Table 1 shows maternal and cord blood plasma concentrations of urate, bilirubin, sulphydryls and albumin. The levels of urate, bilirubin and sulphydryls were signi®cantly higher (P`0.001) in cord plasma than in maternal plasma. Albumin levels were similar in the two groups. There was a signi®cant correlation (r 0.37, P 0.026) between maternal and cord urate values. In mothers, but not in cords, sulphydryls were signi®cantly correlated (r 0.43, P 0.007) with albumin. Figure 1 shows the time course of TBARS production in maternal and cord plasma samples that were incubated with Cu 2 . Only seven cord samples were available for this procedure, due to the dif®culty of obtaining suf®cient quantities of unhaemolysed plasma. Therefore, data are reported for seven matched maternal-cord pairs. Prior to incubation with Cu 2 (time 0) there was no difference in the levels of TBARS between the two groups. After incubation for 30 mm, the TBARS levels in maternal plasma increased, signifying the end of the lag phase. However, this trend was not observed in cord plasma. A There were no correlations between individual or total antioxidant levels and the length of the lag phase or the AUC in maternal or cord plasma.
Results
Discussion
The levels of low molecular weight plasma antioxidants were determined in pregnant women and in the umbilical cords of their babies after delivery. The concentrations of urate, bilirubin and sulphydryls were higher in cord plasma than in maternal plasma. Maternal and cord urate, bilirubin, albumin and sulphydryl levels were comparable to those reported elsewhere in similar population groups (Lindeman et al, 1989; Clark & Kumar, 1990; Spranger et al, 1998) . The time course of the production of TBARS in maternal and cord plasma during incubation with Cu 2 was examined. The lag phase was substantially longer in cord plasma than in maternal plasma, and the AUC was signi®cantly bigger in maternal plasma than in cord plasma, indicating that cord plasma had a greater resistance to Cu 2 -mediated oxidative stress than maternal plasma. Peroxyl radicals play a key role in the lipid peroxidation process, so the lag phase of lipid peroxidation increases when the concentration of chain-breaking or peroxyl radical-quenching antioxidants increases (Cadenas & Sies, 1998) . Previous studies that examined the radical quenching ability of cord plasma from healthy neonates showed that the antioxidant activity of cord plasma was the same or higher than that of adult plasma (Lindeman et al, 1989; Gopinathan et al, 1994) . Thus, it is suggested that the resistance of cord plasma to Cu 2 -mediated lipid peroxidation observed in the current study is at least partly due to circulating levels of urate, albumin, bilirubin and sulphydryl groups.
Urate is a powerful hydrophilic antioxidant and is a scavenger of singlet oxygen (Ames et al, 1981) and peroxyl radicals (Wayner et al, 1987) . Urate can also act as a plasma antioxidant by binding transition metal ions (Becker, 1993) . In non-smokers, the concentration of plasma urate was found to be a strong determinant of lag time in Cu 2 -induced oxidation of LDL (Nyyssonen et al, 1997) . Urate levels have also been negatively correlated with oxidation rate during Cu 2 -induced oxidation of plasma (Spranger et al, 1998) . In neonates, urate levels increase during the ®rst 24 h of life, and subsequently decrease over the next 2 weeks to levels lower than those of older children (Schrod et al, 1997) . Therefore, it has been suggested that urate may be particularly important as an antioxidant during the ®rst week of life (Schrod et al, 1997) .
Bilirubin is the product of haem degradation and has been regarded simply as a waste product of metabolism (Stocker et al, 1987b) . Normal plasma concentrations of bilirubin are 5 ± 14 mM and levels exceeding 250 mM are toxic (Stocker et al, 1987b) . At normal physiological concentrations in vitro, bilirubin effectively scavenges peroxyl radicals (Stocker et al, 1987a) and reacts with hydroxyl radicals, hydroperoxyl radicals and superoxide anions (Neuzil & Stocker, 1993) . Albumin-bound bilirubin protects albumin-bound fatty acids from peroxidation (Stocker et al, 1987b) and inhibits oxidation of LDL (Wu et al, 1994) . It has been suggested that, when bilirubin levels are elevated, its relative importance as an antioxidant is increased (Neuzil & Stocker, 1994) . In neonates, bilirubin levels are raised. Analysis of the contribution of bilirubin to antioxidant status in neonates has shown that there is a strong correlation between bilirubin levels and total plasma antioxidant activity (Gopinathan et al, 1994) . Similarly, other studies in neonates have shown that bilirubin levels that are raised to below toxic levels do not pose any health risk, and may exert a positive effect on total antioxidant power (Belanger et al, 1997) .
Albumin, the most prominent of all plasma proteins, is thought to be largely responsible for the protection of plasma against hypochlorous acid (Stocker and Frei, 1991) and is an important source of sulphydryl groups. Plasma sulphydryl groups are thought to represent the ®rst line of defence against peroxyl radicals, and the most expendable source of antioxidants in plasma, as there is no known mechanism of regeneration once they are oxidised (Wayner et al, 1987) . Sonani et al, (1994) found that albumin and sulphydryl proteins were prominent in scavenging carbon-centred free radicals under anaerobic conditions in plasma, where ascorbate, vitamin E and nonsulphydryl amino acids were ineffective. An important implication of this is that sulphdryls spare antioxidant vitamins in plasma subjected to continuous free-radical mediated stress. During the current study, an attempt was made to increase the production of TBARS in Cu 2 -stimulated cord plasma by introducing n-ethylmaleimide (NEM), a compound which blocks sulphydryl group activity, to the system. There were no detectable increases in the concentrations of TBARS produced (data not shown). This observation is consistent with the theory that while sulphydryl groups contribute to the scavenging of reactive oxygen species, they are unable to prevent the onset of lipid peroxidation (Frei et al, 1988) .
Additional factors may also have a role in improving the antioxidant capacity of cord blood. Experimental data have shown that ascorbate is an antioxidant of major importance (Frei et al, 1989) , which protects low density lipoprotein against Cu 2 -mediated peroxidation (Retsky & Frei, 1995) . The levels of ascorbate in cord plasma are higher than in adult plasma (Lindeman et al, 1989; Gopinathan et al, 1994) . Secondly, plasma oxidizability is positively related to plasma total cholesterol concentrations (Spranger et al, 1998) . Cholesterol levels were measured in this laboratory in another group of matched maternal-cord plasma samples, and are signi®cantly lower in cord plasma than in maternal plasma (2.17 (s.d. 0.6) vs 4.83 (s.d. 1.0) mmolaL; P`0.01).
In conclusion, it is suggested that the antioxidant potential of umbilical cord plasma in healthy, normal-weight, full-term neonates is high. This is partly due to increased concentrations of urate, bilirubin and sulphydryl groups, which signi®cantly enhance the antioxidant capacity of cord plasma, protecting it from lipid peroxidation. These antioxidants, in addition to high ascorbate and low lipid Antioxidants in maternal and cord plasma M Kiely et al levels may be important in compensating for the weak ironbinding capacity and reduced lipophilic antioxidant activity in cord plasma.
